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Abstract
Significant developments have taken place in the field of controlled release delivery systems in the last two decades. The technology has now found pragmatic applications in the delivery of a variety of bioactive materials such as drugs, pesticides, insecticides, and pheromones. The merits of the controlled release technology have been well documented. This growth has been possible as a result of advances in the polymer chemistry and physics as well as in the transport phenomena in polymeric systems. In recent years increasing efforts have been made to investigate the mechanism of release from various types of controlled release delivery systems. Recent reviews emphasize the need for and applications of controlled release delivery systems capable of releasing the active ingredient at a constant rate. A number of approaches have been attempted in the past to achieve zero order release from the matrix systems. These include geometric modifications, establishment of nonuniform concentration profiles, use of rate controlling barriers, the use of polymeric blends, bioerodible polymers, and swelling controlled delivery systems. Amongst the approaches summarized in the preceding paragraph, swelling controlled delivery systems are most promising. Mechanistic aspects of swelling controlled systems have been extensively investigated. However, no systems of pragmatic applications have been developed. Besides, the criteria for zero order release from glassy hydrogels have not been unequivocally established. release index would tend to unity. It is significant to note that this approach can be more powerful than proposed earlier. In principle, it can be applied to any system in which the polymer undergoes a structural change during the period of release and thereby results in an enhancement of the diffusivity of the active ingredient. Thus a matrix device for which the rate constant associated with the structural changein the polymer be such that the Deborah number for release were to be of the order of unity and Di/D -- 0, would release the active ingredient at constant rate. This was indeed shown to be the case for the release of para-nitro benzoic acid from P(HEMA - HEMAPNBA) copolymer. In this case, however, the active ingredient PNBA is chemically linked to the polymer. Such systems are therefore restricted only to those active ingredients which possess the appropriate functional groups and the rate constant of hydrolysis is of the right magnitude. In order to widen the scope of such systems an attempt was made to extend such systems for the release of the active Ingredient physically distributed in hydrogels which can undergo structural changes during release. The release of theophylline from the copolymers of glycidyl methacrylate and HEMA was investigated in water as well as in dilute sulfuric acid media. The kinetics of release in aqueous media followed the Higuchi relationship (n - 0.5). However, in dilute acid media, the release index tended to unity, as a result of increase in the diffusivity of the theophylline through the polymer matrix as a result of hydrolysis of the glycidyl methacrylate to 2,3- a unique value Dt/vt, for a given value of n. In the next phase of the work, the kinetics of the release of theophylline and benzoic acid from a number of copolymers of P(HEMA-MEMA) and P(HEMA-MEEMA) was investigated. It has been shown that theophylline is released at a constant rate from the copolymer containing 22% MEMA. However, this is because of the peculiar increase in the diffusivity of the theophylline through the matrix as a result of increase in the mesh size. It is however not possible to design controlled release delivery systems for zero order release from such systems on an a-priori basis. The correlation between the dimensionless parameter Dt/vt vs. n proposed in the earlier work has been found to hold good in this case as well. In a recent approach to model release of an active ingredient from a glassy hydrogel in which the release of the active ingredient is triggered by the case II transport controlled penetration of the medium, Lee (12) proposed the concept of time dependent diffusion coefficient of the active ingredient which was defined as follows Dt = Di + (D Di) (1 exp-kt) where Di and D denote the diffusivity of the active ingredient through the glassy and equilibrium swollen polymer and K denotes the reciprocal of the polymer relaxation time. It was shown that for the values of the Deborah number for release 1 ?DeR and DeR ?1, the release follows Higuchi relationship where as for Deborah number close to one and (Di/D ) ?1, the This work was undertaken to elucidate the role of various factors governing the kinetics of release from the glassy and swollen hydrogels. In the past, the effect of copolymer composition on release kinetics has been extensively investigated. However, this approach has a drawback in that the velocity of the penetrant front as well as the diffusivity of the active ingredient from the swollen hydrogel matrices are both varied simultaneously. As a result the index of release is not significantly influenced by the copolymer composition. In order to investigate the role of the size of the active ingredient, the release of a large number of model compounds varying in molecular sizes from glassy PHEMA hydrogels was investigated. It has been shown that the release of a low molecular weight solute such as benzoic acid follows zero order kinetics. The data generated have been examined in the light of the criteria for zero order release proposed in the past. It has been shown that the limiting value of equilibrium swelling interface number (0.02) is an over estimate and zero order release of the active ingredient can be observed for values of the swelling interface number upto 0.6. It has been shown further that the index of release can be satisfactorily correlated with the value of the dimensionless parameter Dt/vt. This correlation has been found to hold good for the release of a large number of active ingredients through the given hydrogel matrix as well as for the release of a specific active ingredient i.e. theophylline, from a family of copolymers of P(HEMA-MEMA) and P(HEMA-MEEMA) (see later). This approach has an advantage over the criterion of swelling interface number in that there is dihydroxy propylmethacrylate. Bioerodible polymers have found extensive applications in the controlled release drug delivery systems as the use of such matrix obviates the need for the removal of the device after the useful life of the device. Heller et al have shown that zero order release of the active ingredient can be achieved as a result of surface erosion of the polymers. The swelling controlled systems discussed in the prior section can also be considered as erodible systems in which there is a phase erosion of the polymer The release of theophylline from P(HEMA-GMA) matrix can be considered to be a consequence of the bulk erosion process. Bioerodible systems in which the release of the active ingredient takes place as a result of the degradation of the crosslinks are classified as type 1-A systems. However, the efforts to achieve zero order release of active ingredient from such systems have not been successful. Thus when the degree of crosslinking was small enough the polymer matrix swelled as a result of which the active ingredient was leached out rapidly. On the contrary, when the degree of crosslinking was high, the crosslinks did not degrade over the life time of the device. As a result, the degradation of the cross links had no influence on the kinetics of release in either case. In this work, a novel cross linking monomer HEGDMA was synthesized and used for crosslinking the hydrogel monomers such as HEMA and HPMA. The kinetics of the release of hydrogels from both glassy as well as rubbery matrices were investigated in dilute alkaline medium as well as in aqueous medium. It has been shown that the kinetics of release is indeed influenced by the degradation of the crosslinks, and under appropriate conditions zero order release of the active ingredient can be achieved as a result of enhanced swelling in surface layer of penetration as well as in the bulk of the polymer. During the last decade extensive efforts have been made to develop stimuli responsive controlled release delivery systems. In the final phase of this work, a novel monomer based on 7-hydroxy coumarin was synthesized and copolymerized with HEMA and HPMA. It has been shown that the swelling behavior of this polymer can be manipulated by the pH of the medium as a result of the reversible ring opening of the 7-hydroxy coumarin. Such systems could find potential applications in self regulated controlled release delivery systems. Volume phase transition phenomenon in polymers has been exploited for the first time to impose a reversible barrier layer on the surface of the matrix device. By judicious choice of conditions of collapse, theophylline can be released from the device at a constant rate. Implications of the findings are highlighted

